1. Several peptides containing either of the sequences -Phe(NO2)-Trp-and -Phe(NO2)-Phe-and an uncharged hydrophilic group were synthesized, and the steady-state kinetics of their hydrolysis by pig pepsin (EC 3.4.23 (Fruton, 1976) have commonly been used. Since the rate of cleavage of substrates by pepsin is known to be markedly affected by binding at subsites several residues away from the scissile bond, dipeptides have obvious limitations for specificity studies and are usually poor substrates. The inclusion of imidazolium or pyridinium groups in the larger cationic substrates, however, may have profound effects on the catalytic process in an active-site cleft that contains two aspartic acid residues. The specificity of cathepsin D is similar to but even more limited than that of pepsin, since small peptides are cleaved only very slowly or not at all.
During previous studies on the specificity of pepsin towards synthetic substrates, either dipeptides (Jackson et al., 1966; Clement et al., 1968; Denburg et al., 1968) or larger peptides with cationic groups to enhance solubility in water (Fruton, 1976) have commonly been used. Since the rate of cleavage of substrates by pepsin is known to be markedly affected by binding at subsites several residues away from the scissile bond, dipeptides have obvious limitations for specificity studies and are usually poor substrates. The inclusion of imidazolium or pyridinium groups in the larger cationic substrates, however, may have profound effects on the catalytic process in an active-site cleft that contains two aspartic acid residues. The specificity of cathepsin D is similar to but even more limited than that of pepsin, since small peptides are cleaved only very slowly or not at all.
We have synthesized several neutral peptides containing either of the sequences -Phe(NO2)-Trpand -Phe(NO2)-Phe-and determined the kinetic parameters of their cleavage by pepsin and cathepsin D by using the spectrophotometric method of Inouye & Fruton (1967) . In attempts to obtain substrates with an adequate solubility in water, a Abbreviations used: Z, benzyloxycarbonyl; Boc, tbutoxycarbonyl.
C-terminal 2-hydroxyethylamide or a D-glucosaminol residue linked via an amide bond was incorporated into the structure of the substrates.
Experimental

Materials
Pepsin and cathepsin D were prepared as described previously (Irvine & Elmore, 1979) . 2-Methoxyethanol of spectrophotometric grade was supplied by the Aldrich Chemical Co., Milwaukee, WI, U.S.A. The following compounds were synthesized as described in the literature H-Phe(N02)-OH,H20 (Bergel & Stock, 1954) ; +H2-Phe(NO2)-OMe, Cl-(DeGraw et al., 1968) ; Boc-Ala-OH (Anderson & McGregor, 1957) ; Boc-Phe(N02)-OH (Schwyzer & Caviezel, 1971 ); Z-Ala-OH (Marchiori et al., 1963) ; Z-Gly-OPh(2,4,5-C13) (Pless & (Ac = 800M-1 cm-'). For the single substrate containing this group that we studied, we found AE = 737 M-1 cm-' in 50mM-sodium acetate buffer, pH4.0. For substrates containing the Phe(NO2)-Trp bond, we found that Ac310 = 620-680 M1 . cm-' in 50mM-sodium acetate buffer, pH 4.0, containing 1% (v/v) 2-methoxyethanol. In the case of AlaPhe(NO2)-Trp-NHCH2CH2OH we were able to use relatively high substrate concentrations, and above 0.326 mm it was convenient to monitor the progress of hydrolysis at 326 nm (AE = 295 M-1 * cm-').
Because of the low solubility of the substrates, the following procedure was adopted. A known weight of the substrate was dissolved in 2-methoxyethanol (1 ml). The solution was kept in a boiling-water bath during the addition of hot 50mM-sodium acetate buffer, pH 4.0, to give a total volume of about 5 ml. This solution was added to a volumetric flask containing buffer at 800C, and the solution was diluted to 100ml (calibrated with hot water). The solution was cooled to about 450C, and serial dilutions were made, the making up to volume being with buffer/2-methoxyethanol (99:1, v/v). To avoid crystallization of the substrate, each solution was maintained at 450C until immediately before use. Determinations of the initial velocity of hydrolysis were performed by adding to a solution (3.0ml) of the substrate in a lcm cuvette, equilibrated in the sample chamber of the cell compartment, a solution (25,u1) of pepsin in 50mM-sodium acetate buffer, pH 5.5, or a solution (100Au) of cathepsin D in 50mM-sodium acetate buffer, pH 5.1. The solution was stirred and the absorbance was recorded during 10-60min. The reference chamber of the cell compartment contained a solution (3.0 ml) of the substrate to which no enzyme was added.
Experiments performed to determine the pseudofirst-order rate constants for the hydrolysis of dilute solutions of substrates were-performed by adding to a solution of the substrate (25.0-28.0ml) in a 10cm cylindrical cuvette in the sample chamber of the cell compartment a solution (25-100,ul) of pepsin in 50mM-sodium acetate buffer, pH5.5, or a solution (0.5-3.0ml) of cathepsin D in 50mM-sodium acetate buffer/2-methoxyethanol (99:1, v/v). The solution was mixed by inversion and the absorbance was recorded until it became constant. The reference chamber of the cell compartment contained a solution (25.0-28.0ml) of the substrate to which no enzyme was added.
Initial velocities and preliminary estimates of Km and kcat values were computed by the method of Elmore et al. (1963) . The Km and kcat values were refined by applying the least-squares method directly to the Michaelis-Menten equation (Roberts, 1977) . Tables 2 and 3 . Owing to the insolubility of the neutral substrates in water, it was necessary to incorporate an organic solvent into the medium. Preliminary experiments on the hydrolysis of ZHis-Phe(N02)-Phe-OMe in 40mm-sodium citrate buffer, pH4.0, containing 1% (v/v) of a number of organic solvents showed that the presence of these solvents caused a decrease in the rate of hydrolysis Michaelis-Menten kinetics, depended on the nature and the concentration of the substrate and was longest with low concentrations of poor substrates. The lag phase was not affected by preincubation of the enzyme solution in 1% (v/v) 2-methoxyethanol. The recorded absorbance changes did not differ when measured against air, KNO3 solution or a solution of substrate to which no enzyme had been added. The lag phase was nearly eliminated by diluting the stock enzyme solution (1ml) with 50mM-sodium acetate buffer (pH4.0)/2-methoxyethanol (99:1, v/v) (9ml) and incubating this solution for 2h before addition to the substrate. A substrate inhibition effect was also noted with substrate concentrations of Z-Gly-Gly-Phe(NO2)-Trp-NHCH2CH2OH greater than 1.7mM and ZAla-Ala-Phe(NO2)-Trp -NHCH2CH2OH greater than 0.09mm. Because of these technical difficulties encountered in the cathepsin D-catalysed hydrolyses, kinetic measurements for all substrates were made at low substrate concentrations, and first-order rate constants were determined from which kcat./Km could be obtained. The rate of hydrolys'is of Z-Phe(NO2)-Trp-NHCH2CH2OH by cathepsin D was too low to be measured accurately. No hydrolysis of Ala-Phe(NO2)-Trp-NHCH2CH2OH by cathepsin D was observed during 5h when the substrate concentration was 1.087 mM and the enzyme concentration was about 0.6pM.
Discussion
An initial lag phase was observed during the cathepsin D-catalysed hydrolysis of all the substrates studied. The lag period, which was less prolonged with the better substrates, was considerably diminished by dilution of the enzyme stock solution 2h before its addition to the substrate solution. One explanation for this behaviour is that cathepsin D exists in an associated form in the stock solution (20uM) and slowly dissociates on dilution to give a more active form, the process being accelerated in the presence of a good substrate. Interactions between enzyme molecules might be mediated through the hydrophobic 'tail region' envisaged by Huang et al. (1979) . Such a hydrophobic region on the surface of the enzyme would also account for the quantitative elution of cathepsin D from Sephadex G-25 by water/2-methylpropan-2-ol (49:1, v/v) but not by water (Irvine & Elmore, 1979) . A less-reactive oligomeric form of cathepsin D would also account for the incomplete inactivation of the enzyme (20gM) by a large excess of N-diazoacetyl-L-phenylalanine 3-phenylpropylamide, whereas 5auM-enzyme was totally inactivated under the same conditions (Irvine & Elmore, 1979 ). An alternative explanation for the lag period is that the substrates caused differing degrees of activation (Watabe etal., 1979) .
The kinetic parameters for the hydrolysis of neutral substrates by pepsin and cathepsin D provide further information on the specificity of these enzymes. In the following discussion these substrates, which are mostly based on the sequence -Phe(NO2)-Trp-NHCH2CH20H, are compared with those cationic substrates (Table 4 ) studied by Fruton and his associates (see Sampath-Kumar & Fruton, 1974) and which are based on the sequence -Phe-Phe-OR" [R" = 3-(4-pyridyl) propyll. Examination of Tables 2 and 3 reveals that the presence of residues at sites P2 and P3, in the notation of Schechter & Berger (1967) , makes substrates more susceptible to cleavage by both enzymes. Alanine is considerably more effective in this role at site P2 than is glycine. These findings are in agreement with those obtained by Fruton and his associates (see Sampath-Kumar & Fruton, 1974) . For both enzymes the presence of a single alanine residue at site P2 is more effective than glycine residues at sites P2 and P3. This finding must, however, be considered in the light of the results shown in Table 4 , that Z-Gly-Phe-Phe-OR" is a much poorer substrate for pepsin than is Z-Gly-Gly-Phe-Phe-OR". The results from the current study do not fit this pattern, since a glycine residue at site P2 seems equally effective as glycine residues at sites P2 and P3. Considering pepsin firstly and comparing each of the neutral substrates with the corresponding cationic substrate, Z-Phe-Phe-OR" (Sampath-Kumar & Fruton, 1974) and Z-Gly-Phe-Phe-OR" have similar specificity constants (3500M-1 *S-and 8700 M-1 *S-respectively) to those for Z-Phe(NO2)-Trp-NHCH2-CH20H and Z-Gly-Phe(NO)-Trp-NHCH2CH2-OH (35 10 M-1 *S-1 and 13 100 M-1 s S-1 respectively). The better cationic substrates Z-Gly-Gly-Phe-Phe-OR", Z-Gly-Ala-Phe-Phe-OR" and Z-Ala-Ala-PhePhe-OR" have very much greater specificity constants (1710OO0M-1s-1, 3720000 m*s-1 and 7050000 m1 *s-1 respectively) than do Z-Gly-GlyPhe(NO,)-Trp-NHCH2CH20H, Z-Gly-Ala-Phe-(NO,)- 
